The development of multicellular organisms depends on the communication of reliable information among neighboring cells. In plants cell fate is generally determined by position, not cell lineage, and both cellular differentiation and organ development depend on intercellular signaling (1). A widely accepted paradigm for the control of gene expression during development by intercellular signaling specifies the release of small signal molecules by the signaling cell, perception by the target cell, transduction of the signal to the nucleus, followed by modulation of transcriptional control of target genes. Now, however, a new paradigm gaining attention proposes that transcription factors themselves can act as signal molecules in higher plants, moving between cells to activate gene expression at a distance from the site where they were originally produced (2-4) (Fig. 1) . The foundation for this radical hypothesis proposed by William Lucas and colleagues is that plant viruses can mediate intercellular movement of viral proteins (and nucleic acids) by physical dilation of intercellular plant organelles known as plasmodesmata. Although Lucas's hypothesis for this type of trafficking of endogenous plant proteins initially met with some skepticism, a major step toward its validation has now been taken by Sessions et al. (5), who have used genetic chimeras to demonstrate that cell-to-cell movement of a plant transcription factor results in the direct activation of target gene expression in cells adjacent to those in which the transcription factor was originally produced. These experiments are the latest in a series of observations on flowering plants that have progressively lent weight to the idea that transcription factors are not only targets of signal transduction, but are also signal molecules.
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In plants, new organs such as leaves and flower petals derive from shoot apical meristems, which are collections of stem cells organized in distinct layers (Fig. 1A) . The outer layer (L1) of the shoot apical meristem gives rise to the shoot epidermis, whereas the underlying L2 and L3 layers produce the internal tissues of the plant. Genetic mosaic analysis of developmental mutants has been used to demonstrate communication of information between cell layers of the meristem and its influences on meristem function [reviewed in (6) ]. A particularly interesting example is the Knotted-1 mutant in maize. KNOTTED1 (KN1) is a homeobox-containing transcription factor responsible for the maintenance of meristem cells in a multipotent state. Analysis of genetic chimeras produced by irradiation, which induces chromosome breakage and occasional loss of the dominant Knotted-1 allele, showed that KN1 protein expressed ectopically in the veins of a developing maize leaf acts non-cell-autonomously to control cell division in the surrounding mesophyll and epidermal layers (7, 8) . Immunolocalization and in situ hybridization experiments led to the surprising observation that although KN1 mRNA is found only in cells possessing the allele encoding it, KN1 protein appears also in the nuclei of cells that possess neither the gene nor the mRNA (9), suggesting cell-to-cell movement of KN1 protein. Microinjection experiments with wild-type and mutant KN1 proteins, together with cell wall-binding assays with KN1 peptides, have shown that KN1 mediates the dilation of plasmodesmata in order to promote its own transport between cells (10, 11) . Strongly suggestive though this is, it remains to be proven that the movement of KN1 across cell boundaries is directly responsible for its non-cell-autonomous phenotypic effects on cell division.
To address the key question of functional activity of a transcription factor after intercellular movement, Sessions et al. (5) investigated the cellular autonomy of action of the Arabidopsis genes LEAFY (LFY) and APETALA1 (AP1), homeotic genes that control the identity of floral meristems. Both LFY and AP1 encode transcription factors that regulate overlapping sets of target genes. Earlier work in Antirrhinum (snapdragon) with the LFY ortholog FLORICAULA (FLO) exploited transposon-generated genetic mosaics to show that FLO could act between cell layers of a meristem to promote conversion of the meristem from vegetative (producing leaves and lateral branches) to floral (producing sepals, petals, stamens, and carpels) (12) .
Arabidopsis offers two major advantages over Antirrhinum and maize for the type of experiment carried out by Sessions et al.: (i) efficient genetic transformation and (ii) the existence of characterized gene targets for the transcription factors LFY and AP1. These advantages made it possible to test for the first time the ability of a transcription factor to activate the promoter of a target gene in cells lacking a wild-type copy of the transcription factor gene. Sessions et al. used two approaches to study the cell autonomy of LFY and AP1: (i) heat-inducible, site-specific recombination to produce AP1 + or LFY + clonal sectors, marked by corresponding loss of a visible marker gene (GUS), and (ii) expression of AP1 or LFY under the control of an L1 cell layerspecific promoter in ap1 or lfy mutant plants. AP1 was found to act nonautonomously only to a limited extent, whereas LFY exhibited substantial nonautonomous action both between cell layers and at long range within cell layers.
The key experiment performed by Sessions et al. is based on the ability of LFY and AP1 to directly activate the expression of two downstream genes, AP3 and AG. Analysis of the RNA expression patterns of these target genes by in situ hybridization indicates that AP1 activates its targets only in cells expressing AP1, whereas LFY activates the same target genes throughout all cell layers of the developing flower, even when LFY expression is confined to a single cell layer. Although LFY RNA is found only in cells that are genetically capable of expressing 
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The author is in the Department of Plant Sciences and Interdisciplinary Program in Genetics, University of Arizona, Tucson, AZ 85721-0036, USA. E-mail: raj@ag.arizona.edu LFY, LFY protein is detectable in all cell layers of the developing flower. Most importantly, LFY was shown to act in lfy mutant cells (possessing LFY protein, but not LFY RNA) on a reporter transgene whose expression requires that LFY bind directly to the target gene's promoter. This striking result proves finally that LFY protein is active as a DNA-binding transcription factor after moving between cells. Furthermore, it is important to note that LFY acts not only between adjacent cells, but also at long range because it can reorganize an entire meristem even if expressed in only half of the meristem. These results go a long way toward verifying the hypothesis that trafficking of plant transcription factors plays a central role in plant development. However, before we can know this for certain, it will be necessary to block cell-to-cell movement of KN1, LFY, or another trafficking transcription factor and show an effect of such interference on normal plant development. If this final experimental test succeeds in validating Lucas's hypothesis of "supracellular" transcription factors, the implications for understanding plant development and plant evolution will be enormous. Plasmodesmata, long viewed as simple pores allowing movement of metabolites between cellulose-bound plant cells, will be seen to take a leading role in the choreography of plant development. In order to fully appreciate the drama of development, it will be necessary to explore and comprehend the mechanisms by which plants orchestrate the regulated movement of key transcription factors through plasmodesmata. Questions whose answers will be essential to our understanding include, Over what distances and at what rates do functional proteins traffic in developing plants? Which directions of movement are permissible for each trafficking factor? What are the factors that limit or promote the movement of specific proteins? And last but not least, What are the precise developmental consequences of altering traffic patterns of transcription factors in meristems and developing organs? 
